INTRODUCTION
Frequency domain electromagnetic (EM) methods have successfully been utilized to model electrical resistivity of subsurface structures during the past six decades. They are used for a variety of applications ranging and at different scales. Magnetotelluric (MT) is an EM method that was first introduced and formulated by Cagniard (1953) . MT is a planewave frequency domain method in which the two horizontal electric field components and the three magnetic field components of the electromagnetic signal are measured at the earth surface. The relationship between the measured components in the frequency domain is simpler and linear so that for a given angular frequency,  , it can be written as:
and
(2) with E and H as the Fourier transforms of the measured electric and magnetic field components, respectively. Z is a 2×2 matrix known as the complex impedance and T is the complex geomagnetic transfer function or the so-called tipper. Z and T are frequency dependent. By changing frequency the method provides a wide range of penetration depths which is a function of ground resistivity and signal frequency. It can be shown that for a homogeneous half space of resistivity, the MT signal with a frequency f (in Hz), has a penetration depth of δ (in m) given by:
In the MT method the natural signals caused by various processes in the ionosphere, e.g., the interaction between solar wind and the ionosphere is usually recorded at frequencies < 1 Hz. The amplitude of natural EM fields is considerably weaker for frequencies > 1 Hz (Goldstein and Strangway, 1975) and instead the amplitude of mane-made EM noise increases considerably and can dominate the natural source fields (Szarka, 1987; Qian and Pedersen 1991) at higher frequencies. Therefore for MT measurements at higher frequencies (1-10 kHz), a controlled source is more favourable. Goldstein and Strangway (1975) originally employed the controlled source audio magnetotelluric (CSAMT) technique using a grounded electric dipole source. The source should be located sufficiently far from the measuring point (far-field condition) to satisfy the plane-wave condition (Wannamaker, 1997) . Because of the technical problems at frequencies higher than 10 kHz, it is more advantageous to use the signal from powerful VLF (Very Low Frequency) and radio transmitters. The RMT method was first introduced by Müller and his group in "Centre d'Hydrogéologie, Université de Neuchâtel. They carried out scalar RMT using RMT-R instrument with the extended frequency range of 12-240 kHz to study a porous aquifer in the Cornol area, Switzerland (Turberg et al. 1994) . Since then several workers utilized the same instrument for various near-surface applications (Tezkan et al. 1996 and Persson, 2001) . Bastani (2001) introduced a new instrument, the EnviroMT. The instrument performs Tensor RMT
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measurements. A few publications have been demonstrated the capability of the tensor RMT measurement for different near surface applications (Pedersen et el., 2006; Sohlenius et al., 2008; Bastani et al., 2012; Bastani et al., 2013) . Here, three examples of combined use of CSMT and RMT methods in the near-surface studies are presented. The combination is referred to as CSRMT. The first case is from a mineral exploration site carried out in a remote area of Iran to model the location and extent of a hydrothermal stockwork copper deposit (Bastani et al., 2009) . The available radio transmitters in the area were too few so that the RMT data were only used for a qualitative control of the resistivity models from the 2D inversion of CSMT data. The inversion of CSMT could, however, successfully locate conductive copper mineralization along the profiles. An engineering application of the CSRMT for delineating a normal fault in an area close to the city of Thessaloniki in Greece is presented in the second study (Bastani et al., 2011) . The fault is covered by conductive quaternary sediments. 2D modelling of the CSRMT data collected along 5 profiles could be used to estimate the thickness of overburden and model the location of the normal fault. The third CSRMT study is from a landslide site in Sweden. The area is known for historical landslides caused due to the presence of a special type of clay know as quick clay. The landslides do not only cause huge infrastructural damages they but also sometimes result in great environmental impacts in the area. There are a number of examples around the sites known for these. 3D modelling of the CSRMT data collected at a known landslide site in the area has provided useful information in imaging the geometry of the geological formations that play a key role in the occurrence landslide in the area.
RESULTS
In all three cases we used a double horizontal magnetic dipole (see Bastani, 2001) to generate EM signals for the CSMT measurements. The transmitter can be controlled from the receiving station via a radio modem. The CSMT frequencies were in the range 1-12.5 kHz. Figure 1 shows 3D image of the resistivity models from the 2D inversion of the collected CSMT data along 8 profiles in the first study area. The area is close to an old copper mine located approximately 350 km northeast of Tehran. The data were collected with a station spacing of 10 m. We used the REBOCC program (Siripunvaraporn and Egbert, 2000) to carry out 2D inversion of the RMT and CSTMT determinant data. For all the inversion the starting model was a-1000 ohm-m homogeneous halfspace. The 2D inversion of determinant RMT data resulted in very unstable models and large rms data fits, which was mainly the result of too few radio transmitters in the study area. We instead used the RMT data at the most stable frequencies for a qualitative control of the resistivity anomalies observed in the RMT data and those in the CSTMT models. Most of the low resistivity zones in the CSMT models coincided very well with the known copper mineralization. In the second study area, located in the Volvi basin close to the city of Thessaloniki in Greece (Figure 2) , the EM signals from 20 radio-transmitters could be used to estimate stable RMT transfer functions. The models from the 2D inversion of determinant CSRMT data along five measured profiles are shown in Figure 2 . The models generally reflect the layering observed in the quaternary deposits based on the information from the boreholes in the area. The models also correlate well in showing an abrupt change of the depth to the gneissic basement, which is related to the normal faulting in the area. The depth to the basement could not be resolved at the northern parts of all the profiles due to the limited penetration depth of the EM signal imposed by the presence of the conductive quaternary sediments. Malehmir et al. (2013) provide a detailed account on an integrated use of various geophysical surveys carried out in the quick-clay landslide site in Sweden. The main objective of the third study presented here was to image the geometry and model the physical properties of the key geological structures responsible for the retrogressive landslides in the area. Two important geological units that are critical are quick clays that have often a higher resistivity than their surrounding marine clays and coarse-grained layers that are assumed to act as sliding surface (slip surface) for the landslides. In this context, five CSRMT profiles were measured. The profiles were 40 m apart and data were collected at stations with 20 m spacing. In Figure 3 , we present the resistivity model from the 3D inversion of the CSRMT data using the WSINV3DMT program by Siripunvaraporn et al. (2005) . Note that we have added the topography into the model just for the visualisation purposes and it has not been a part of the inversion. The model generally shows a layered resistivity structure with a more resistive layer at depth of 10-20 m. Comparison with the existing information from the geotechnical boreholes in the area shows that the depth to the top of quick-clay layer and depth to the bottom of the coarse-grain layer are well estimated by the CSRMT model, however the models cannot resolve the boundary of the two layers. The increase in the thickness of marine clays beneath the coarse-grained layer has limited the penetration depth and as a result, depth to the bedrock towards the river is uncertain.
CONCLUSIONS
The CSRMT data can be used to model near-surface structures in 2D and 3D. Quality of the RMT data is very much affected by the number of available transmitters although in the worst scenarios, RMT data can be used to complement the resistivity anomalies interpreted from the CSMT models. The three case studies show that the CSRMT models have a good correlation with the existing boreholes and geological information. Similar to other EM methods, the CSRMT has a limited depth penetration that is dictated by the underlying res istivity structures. One should consider the low resistivity artefacts that can be generated by near-field effects at the stations closer to the transmitter as also observed in one of our case studies.
